Herein, the synthesis and crystal structure of 7-hydroxy-3-(2-methoxyphenyl)-2-trifluoromethyl-4H-chromen-4-one, C 17 H 11 F 3 O 4 , are reported. This isoflavone is used as a starting material in the preparation an array of potent and competitive FPR antagonists. The pyran ring significantly deviates from planarity and the dihedral angle between the benzopyran mean plane and that of the exocyclic benzene ring is 88.18 (4) . In the crystal, O-HÁ Á ÁO hydrogen bonds connect the molecules into C(8) chains propagating in the [010] direction.
Chemical context
Isoflavones are a subclass of a larger chemical family, the flavonoids, being characterized by possessing a 3-phenylchromen-4-one (3-phenyl-1,4-benzopyrone) backbone instead of the 2-phenylchromen-4-one (3-phenyl-1,4-benzopyrone) structure of flavanones and flavones (Szeja et al., 2016) . Dietary isoflavones are secondary metabolites that occur in plants of the Fabaceae family and as such are present in soy beans, soy foods and legumes. The health benefits of isoflavones have been linked to cholesterol-reducing, anti-inflammatory, chemotherapeutic and antioxidant properties (Jie et al., 2016) . However, the best known property of isoflavones is related to their phytoestrogenic activity (Vitale et al., 2013) . More recently, isoflavones of synthetic origin have been shown to be potent and competitive antagonists of formyl peptide receptors (FPRs), playing an important role in the regulation of inflammatory processes (Schepetkin et al., 2014) . ISSN 2056-9890 Herein we describe the synthesis and characterization of an isoflavone, 7-hydroxy-3-(2-methoxyphenyl)-2-trifluoromethyl-4H-chromen-4-one, 1, a precursor used in the preparation of relevant FPRs antagonists.
Structural commentary
The molecular structure of 1 is shown in Fig. 1 (left) . This compound consists of a chromone core with several substituents, viz. a trifluoromethyl group at position 2, a 2-(methoxy)phenyl at position 3 and finally an hydroxy group at position 7 of the chromone ring.
The pyran ring is not planar as the weighted average absolute torsion angle is 6.77 (7) ; for planarity this should be below 5.00 (Domenicano et al., 1975) . In fact, as a Cremer & Pople puckering analysis shows, the pyran ring has a twist-boat pucker with puckering amplitude Q = 0.1085 (13) Å , = 90.0 (7) and ' = 148.6 (7) . The fused aromatic benzopyran ring system shows a slight distortion from planarity as a result of the puckering of the pyran ring. The dihedral angle between the pyran ring and the exocyclic benzene ring is 89.26 (6) . The mean plane of the ten atoms of the benzopyran ring system was used to evaluate the degree of twisting of the 2-methoxyphenyl ring in relation to the chromone as depicted in Fig. 1 (right). The dihedral angle between the benzopyran mean plane and the exocyclic benzene ring is 88.18 (4) ; the major rotation is around the C3-C31 bond, which has sp 3 character, with a bond length of 1.4983 (17) Å . This conformation is to be expected and probably results from minimization of the steric hindrance between the 2-methoxy substituent of the exocyclic benzene ring with the voluminous -CF 3 group and/or the oxo oxygen atom of the chromone ring.
Regarding the mean plane involving the benzopyran atoms, it is found that atoms O1 and C3 lie more than 0.1 Å out of it [the perpendicular vectors having values of 0.1039 (9) Å and À0.1398 (10) Å , respectively], showing again that the benzopyran ring itself does not show the typical planarity observed for similar chromone and coumarin structures (e.g. Gomes et al., 2016; Reis et al., 2013) in which the pyran and benzopyran ring systems are essentially planar. As can be seen in Table 1 , the atoms of the pyran ring lie below the mean plane of the chromone benzene ring.
Supramolecular features
Details of the hydrogen-bonding interactions are given in Table 2 . The O7-H7Á Á ÁO4( Figure 1 The molecular structure of 1 (left) and (right)the rotation of the exocyclic benzene relative to the benzopyran best plane [dihedral angle = 88.18 (4) ]. Displacement ellipsoids are drawn at the 70% probability level.
Table 2
Hydrogen-bond geometry (Å , ). which runs parallel to the a axis, Fig. 3 . There are also C-HÁ Á Á interactions present (Table 2 ).
Hirshfeld surfaces
The Hirshfeld surfaces and two-dimensional fingerprint (FP) plots (McKinnon et al., 2004) provide complementary information concerning the intermolecular interactions discussed above. They were generated using Crystal Explorer 3.1 (Wolff et al., 2012) . The Hirshfeld surface mapped over d norm is scaled between À0.250 to 1.200. The electrostatic potential (ESP) was calculated with TONTO (Jayatilaka & Grimwood, 2003) as implemented in Crystal Explorer 3.
The contributions from various contacts, listed in Table 3 , were selected by the partial analysis of the FP plots. Besides the HÁ Á ÁH contacts the other most significant contacts are the HÁ Á ÁF/FÁ Á ÁH due to the fluorine atoms on the surface. The remaining high percentage contacts are HÁ Á ÁO/OÁ Á ÁH that include the relevant C-HÁ Á ÁO and the O-HÁ Á ÁO intermolecular interactions and also the HÁ Á ÁC/CÁ Á ÁH contacts including C-HÁ Á ÁC contacts. The percentage of CÁ Á ÁC contacts is 6.1% but they are too long to be considered asstacking. The structure has four oxygen atoms, defining different functional groups, that may act as acceptors for hydrogen bonds: one oxo group, a methoxy group, a hydroxyl group and an alkoxy O atom, all of which participate in short atom-atom contacts with the exception of the chromone alkoxy O atom.
The Hirshfeld surfaces mapped over d norm for 1 (see Fig. 4 ) show three sets of complementary red spot areas: one of those pairs consist of two intense red areas, circular in shape, that are located near the carbonyl oxygen atom O4 and near the hydroxyl substituent. This close contact accounts for the O4Á Á ÁH7-O7 hydrogen bond as indicated in Fig. 4 . Another pair is consists of two light-red areas resulting from the overlap of two red spots near H36 and near the hydroxyl group; they suggest interactions between this hydrogen atom and O7 (that forms a C36-H36Á Á ÁO7 hydrogen contact) and with the carbon atom C7 of the chromone ring ( Fig. 5 contains a detail of this contact and the corresponding FP plot area). Finally, there are two complementary very light-red spots of small diameter that suggest the existence of a close contact involving the oxygen atom O3 of the methoxy substituent with hydrogen atom H8 of the chromone ring (O3Á Á ÁH6-C6).
The FP plot for 1 is included in Fig. 4 . The light-blue area in the middle of it at d e /d i approximately equal to 1.9 Å shows a higher frequency of the pixels that are due to CÁ Á ÁC contacts. The sharp spikes pointing to the southwest are due to OÁ Á ÁH contacts and the short wings due to CÁ Á ÁH close contacts (see Fig. 5 for details) .
In Fig. 6 the mapping of the molecular electrostatic potential (ESP) in the context of crystal packing is shown. As the Hirshfeld surface partitions of the crystal space give nonoverlapping volumes associated with each molecule, these Table 3 Percentages for the most relevant atom-atom contacts in 1. Figure 3 surfaces give a kind of 'electrostatic complementarity'; red areas indicate negative electrostatic potential while blue areas indicate a positive one. The ESP mapped in the Hirshfeld surface for 1 reveals a red area of strongly negative electrostatic potential surrounding the carbonyl region of the chromone and light red areas surrounding the fluorine atoms of the -CF 3 and as well on the areas covering the oxygen atoms of the hydroxyl and methoxy substituents showing the negative electrostatic potential. The blue region, strongly electropositive, is predominantly located on the hydrogen atom of the hydroxyl substituent and the light electropositive blue patch areas are also surrounding the H atoms of the methoxy substituent and well as H8 and H6 hydrogen atoms of the chromone. The remainder of the Hirshfeld surface is close to neutrality as seen by the grey regions. Thus, the figures highlight the electrostatic complementarity in the O4Á Á ÁH7-O7 contact as well as in the O3Á Á ÁH6-C6 contact.
Database survey
A search made in the Cambridge Structural Database, (Groom et al., 2016) , revealed the existence of seven polymorphic and pseudopolymorphic crystal structures of 7-hydroxy-3-phenyl-4H-chromen-4-one (Gong et al., 2016) . In these structures, the pyran rings are essentially planar. The dihedral angles between the benzopyran ten-membered ring mean plane and the exocyclic benzene ring are given below. KUZJEW, 7-hydroxy-3-phenyl-4H-chromen-4-one: 2-methylpropan-2-ol solvate, dihedral angle= 48.28 (7)
. KUZJIA, 7-hydroxy-3-phenyl-4H-chromen-4-one, dihedral angle = 55.23 (8) . KUZJIA01, 7-hydroxy-3-phenyl-4H-chromen-4-one, dihedral angle = 56.83 (7) (molecule A), 48.27 (6) (molecule B). KUZNIE, 7-hydroxy-3-phenyl-4H-chromen-4-one; dimethyl sulfoxide solvate, dihedral angle = 45.91 (7) . KUZJUM, 7-hydroxy-3-phenyl-4H-chromen-4-one N,N-dimethylformamide solvate, dihedral angle = 41.70 (7)
. KUZKAT, 7-hydroxy-3-phenyl-4H-chromen-4-one propan-1-ol, solvate, dihedral angle = 45.18 (9) . KUZKEX, 7-hydroxy-3-phenyl-4H-chromen-4-one butan-1-ol solvate, dihedral angle = 45.11 (11) . In all solvated structures, the 7-OH hydroxyl group is involved in hydrogen bonding with the solvent. In the two KUZJIA(01) structures, -OHÁ Á ÁO chains are formed as in 1. The electrostatic potential surfaces for 1 (ranging from À0.0920 to 0.2582 a.u.). The surfaces show the complementary of electropositive area (blue) near the hydrogen atom of the hydroxyl substituent and red electronegative area surrounding the vicinity of the lone pairs of the oxo oxygen atom O4.
Figure 4
Views of the Hirshfeld surface mapped over d norm for 1 and the corresponding FP plot. The highlighted red spots with large area on the top left image indicate OÁ Á ÁH contact points involving the carbonyl oxygen atom of the chromone core and the hydrogen atom of the hydroxyl substituent while the pair of superposed light-red spots indicate CÁ Á ÁH and OÁ Á ÁH close contacts. The small red-spot areas on the concave and convex face of the right image are due to CÁ Á ÁH close contacts. The bottom of the figure presents the FP plot for molecule 1 The light-blue area in the middle of the FP plot at d e /d i $ 1.9 Å shows a higher frequency of the pixels that are due to CÁ Á ÁC contacts. The sharp spikes pointing to southwest are due to OÁ Á ÁH contacts: the inner one on the right is related to OÁ Á ÁH contacts and the short wings due to CÁ Á ÁH close contacts (see Fig. 5 for details).
Synthesis and crystallization
The title compound was obtained by a two-step synthesis (Balasubramanian & Nair, 2000; Eiffe et al., 2009 ). Resorcinol and 2-methoxyphenylacetic acid, in equimolar amounts, were suspended in boron trifluoride diethyl etherate (BF 3 ÁEt 2 O) and heated at 358 K, for 90 min. Then the mixture was poured into water and stirred until the formation of a solid and extracted with ethyl acetate. The combined organic phases were washed with water, dried over anhydrous sodium sulfate, filtered and evaporated. The product was recrystallized from ethyl acetate solution and used in the subsequent reaction to obtain the isoflavone.
1-(2,4-Dihydroxyphenyl)-2-(2-methoxyphenyl)ethan-1-one (1 mmol), trifluoroacetic anhydride (3 mmol) and trimethylamine (2 ml) were refluxed for 1 h. After cooling, water (15 ml) was added. The solution was acidified (pH 5) with 2 M HCl and stirred at room temperature for 2 h. After extraction with ethyl acetate, the combined organic phases were washed with water, dried over anhydrous sodium sulfate, filtered and evaporated. The isoflavone was recrystallized from ethyl acetate solution. Overall yield: 55% 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . The hydroxyl H atom, H7, was refined isotropically. All other H atoms were treated as riding atoms: C-H = 0.95-0.98 Å with U iso = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms.
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7-Hydroxy-3-(2-methoxyphenyl)-2-trifluoromethyl-4H-chromen-4-one
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
